JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. Abstract. Comparisons between how bison and cattle grazing affect the plant community are understood poorly because of confounding differences in how the herbivores are typically managed. This 10-year study compared vegetation changes in Kansas (USA) tallgrass prairie that was burned and grazed season-long at a moderate stocking rate by either bison or cattle. We held management practices constant between the herbivores and equalized grazing pressure by matching animals so that the total body mass in all pastures was similar each year. Trends in species cover and diversity indices in the bison and cattle pastures were compared with ungrazed prairie that also was burned annually. We found that little bluestem (Schizachyrium scoparium) cover decreased over time in bison pastures, and big bluestem (Andropogon gerardii) cover increased over time in cattle pastures. Grazing by either herbivore increased the canopy cover of annual forbs, perennial forbs, and cool-season graminoids, but both annual and perennial forb cover increased at a greater rate in bison pastures than in cattle pastures. Missouri goldenrod (Solidago missouriensis) and heath aster (Symphyotrichum ericoides) were primarily responsible for the increased forb cover in grazed pastures. Species richness at both small (10 m2) and large (200 m2) spatial scales increased at a greater rate in bison pastures than in cattle pastures, but richness did not change through time in ungrazed prairie. The number of annual forb species was significantly higher in bison pastures than in pastures grazed by cattle. Residual graminoid biomass at the end of the grazing season was lower in bison pastures than in cattle pastures, whereas forb residuum increased over time at a greater rate in pastures grazed by bison than in pastures grazed by cattle. Although bison and cattle differentially altered some vegetation components, the plant communities in bison and cattle pastures were 85Wo similar after 10 years of grazing. We conclude that most measurable differences between bisongrazed and cattle-grazed pastures in tallgrass prairie are relatively minor, and differences in how the herbivores are typically managed may play a larger role in their impact on prairie vegetation than differences between the species.
INTRODUCTION
Herbivores are a major influence in shaping the composition, structure, and dynamics of grassland vegetation (Hobbs 1996 than those typically found in cattle (Towne 1999 ). Consequently, intake and grazing intensity may be much greater for cattle than for bison even if animal density is the same. The objectives of this study were to compare the effects of monospecific grazing by bison and cattle on long-term patterns of change in plant species composition and diversity in tallgrass prairie. Addressing this issue is important because replacement of native with introduced ungulates has been one of the most significant changes in North American grasslands in recent history. To achieve similar grazing pressure and hold management practices constant, we equalized total body mass between herbivores and limited grazing to the vegetation growing season. Specific items of interest in this study included trends of individual plant species in response to bison and cattle grazing compared with ungrazed prairie, temporal changes in species richness and diversity, and patterns of aboveground biomass at the end of the grazing season.
STUDY SITE AND METHODS
The study (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) was conducted on Konza Prairie Biological Station, a 3487-ha tallgrass prairie located in the Flint Hills of northeastern Kansas, USA (39005' N, 96035' W). Mean annual precipitation is 811 mm, with -75% falling during the April through September growing season. Rainfall during the growing season was below average in six years of this study, whereas annual precipitation was below the long-term average in five years. Vegetation in the area is dominated by perennial warm-season grasses, primarily big bluestem (Andropogon gerardii), little bluestem (Schizachyrium scoparium), and indiangrass (Sorghastrum nutans), although interstitial forb species constitute more than 75% of the species richness (Towne 2002) . Botanical nomenclature follows Kartesz (1999) .
In 1994 we constructed eight pastures in an area that had been burned and grazed by cattle at a light stocking rate during the two previous growing seasons. In the preceding 20 years, the area had been ungrazed by large ungulates and burned on average every two years. Each pasture was 4.9 ha plus a 0.2-ha corner section that was cross-fenced to exclude grazing. Upland prairie dominates the area, although minor amounts of lowland and hillside topographic sites occur in each pasture. Soils on the upland sites are relatively shallow, cherty, silty clay loams overlying limestone and shale layers (Udic Argiustolls, Florence series). Focal attractants (e.g., shade trees, ponds, and cages) were absent, except for a water tank that was located near each pasture gate. All pastures were burned annually in April.
To compare vegetation trends in the bison and cattle pastures with ungrazed prairie, we selected the upland sites of two nearby watersheds (average size = 25 ha) for sampling. Both watersheds had not been grazed by livestock for more than 20 years, and had been burned on average every three years until they were converted to an annual burn regime in 1994. An unburned, ungrazed treatment was not incorporated into the experimental design since that is not a standard management practice for Flint Hills (Kansas, USA) rangeland.
Grazing management
Four pastures were assigned randomly for bison grazing and the remaining four pastures were designated for cattle grazing. Each pasture kept the same herbivore grazing treatment throughout the study. Because bison have a slower growth rate than beef cattle, 2-yr-old bison bulls were required to equalize the mass of yearling cattle steers (12 to 14 months of age). Using 2-yr-old bulls to characterize bison grazing is appropriate since their diet and foraging behavior is similar to all other age and sex classes except calves and elderly bulls ( 
Vegetation sampling
Beginning in 1995 we sampled vegetation in 20 permanently marked 10-m2 circular plots that were evenly spaced along four randomly located 50-m-long transects on the upland sites in all eight pastures and the two ungrazed watersheds. The transects were distributed throughout the pasture to maximize spatial heterogeneity, but were not located within 30 m of the water tank. Every year in June and August, the canopy cover of vascular plants in each plot was visually estimated using a modified Daubenmire cover scale (Bailey and Poulton 1968). Cover of individual species was determined by converting each Daubenmire scale value to the midpoint of the cover range and then averaging across the 20 plots in each pasture. To detect changes in diminutive and low-density species, frequency of occurrence (the proportion of plots where an individual species occurred) also was calculated. Species diversity was measured using two indices at two different spatial scales. First, we calculated alpha diversity for each 10-m2 plot using the Shannon index (H' = -Ypi X In pi, where p, = the relative cover of each species). We also calculated diversity at the 200-m2 spatial scale with Shannon's index on the average percentage cover of all species across the 20 plots in each pasture. Species richness at the small spatial scale was the average number of species detected in each plot, and species richness at the large scale was the cumulative number of plant species in the 20 plots. The floristic similarity between bison vs. cattle pastures, and grazed vs. ungrazed prairie was estimated using Sorensen's qualitative similarity index (Magurran 1988) .
At the end of the grazing season, after the animals were removed, residual biomass in each pasture was measured by clipping all vegetation in 20 x 50 cm quadrats placed at 3-m intervals along a randomly selected line adjacent to each plant composition transect (60 clipped plots per pasture). Vegetation in the quadrats was clipped at ground level, separated into graminoid, forb, and woody components, oven-dried at 600 C, and weighed. The coefficient of variation (cv) of clipped biomass for all plots in each pasture was calculated as an indication of spatial variability in grazing patterns. To compare the amount of residual biomass in grazed pastures with annual aboveground net primary productivity for the area, we clipped five quadrats in each of the eight pasture sections that were protected from grazing (n = 40 plots).
Data analysis
Canopy cover of species with >2% mean cover in any year or treatment, and cover of species within similar taxonomic and life-form groups (e.g., legumes, sedges, warm-season grasses, cool-season grasses, annual forbs, annual grasses, perennial forbs, and woody species) were arcsine square-root transformed before analysis. We analyzed the data using a repeated-measures mixed model, with grazing treatment and year as fixed effects and pasture as a random effect. A significant treatment x year interaction in the repeated-measures analysis indicates that the regression slopes differed among grazing treatments, and that differential changes occurred over time. Temporal trends in vegetation were analyzed with a regression model using the annual deviation from the mean year value as a covariate. We then used orthogonal contrasts to compare which treatments had different slopes.
Species richness, Shannon's diversity, frequency of occurrence, and residual biomass were analyzed with the same models used for canopy cover. Frequency percentages were transformed to the arcsine of the squareroot before analysis. We used SAS procedures (SAS Institute 1999) to analyze all data, with 0.05 as the probability level to establish statistical significance.
RESULTS

Warm-season grasses
Temporal trends in the cover of perennial warm-season grasses increased in the absence of grazing but did not significantly change through time in either bison or cattle pastures (Table 1) . Response patterns of the individual species, however, varied among treatments. Big bluestem cover increased (P &lt; 0.0001) in cattle pastures and in ungrazed prairie, but did not significantly change through time in bison pastures (Fig. la) . In contrast, little bluestem cover declined (P &lt; 0.05) in bison pastures, but remained stable in pastures grazed by cattle and in ungrazed prairie (Fig. lb) . Switchgrass (Panicum virgatum) cover increased in the absence of grazing, declined in pastures grazed by cattle, and remained unchanged through time in bison pastures (Table 1) . Other differential cover responses to grazing treatment included tall dropseed (Sporobolus compositus), which declined (P &lt; 0.01) in ungrazed prairie, and side-oats grama (Bouteloua curtipendula), which increased (P &lt; 0.05) in response to grazing by either bison or cattle (Table 1) . Trends in indiangrass cover remained stable through time in all treatments (Table 1) (Table 1) . Canopy cover of sedges (primarily Carex inops and Carex meadii) also increased (P &lt; 0.01) with similar patterns in both bison and cattle pastures, and declined through time in ungrazed prairie (Table 1) .
Perennial forbs
Perennial forb cover increased (P &lt; 0.0001) in response to grazing, but the temporal changes were greater in bison pastures than in cattle pastures (Fig. Id) . Two species, Missouri goldenrod (Solidago missouriensis) and heath aster (Symphyotrichum ericoides), were primarily responsible for the increased forb cover in grazed pastures. Missouri goldenrod cover increased at a significantly greater rate over time in bison pastures than in cattle pastures (Fig. le) , but heath aster followed similar temporal increases in response to either bison or cattle grazing (Table 1) . Western ironweed (Vernonia baldwinii) also increased in both bison and cattle pastures, and aromatic aster (Symphyotrichum oblongifolium) increased in bison pastures, but the magnitude of their changes through time were relatively small (Table 1 ). Pitcher's sage (Salvia azurea) cover increased with similar slopes in all three treat- ments, and was the only forb species that significantly increased in ungrazed prairie (Table 1) . Western ragweed (Ambrosia psilostachya), a dominant forb in tallgrass prairie, followed similar temporal fluctuations in both grazed and ungrazed treatments (Table 1) . Cover of herbaceous legume species did not differ among treatments and remained stable through time (Table 1) .
Annuals
The cover of annual forbs increased at a greater rate in pastures grazed by bison than in pastures grazed by cattle, and did not change through time in ungrazed prairie (Fig. If) 
Diversity indices
During the study, 139 plant species were encountered in bison pastures, 128 species found in cattle pastures, and 89 species found in ungrazed prairie. There were 35 perennial, 32 annual, and 6 biennial species that occurred in the grazed pastures but did not appear in ungrazed prairie. In comparison, seven perennial forb species were present in the ungrazed watersheds but never were detected in either the bison or cattle pastures. After 10 years of grazing, the similarity index between bison and cattle pastures was 85%, whereas bison pastures and ungrazed prairie were 62% similar, and cattle pastures and ungrazed prairie were 67% similar.
Species richness at small (10 m2) spatial scales increased (P < 0.0001) in response to grazing, although the rate of increase was greater in bison pastures than in pastures grazed by cattle (Fig. 2a) . In contrast, richness did not change through time in ungrazed prairie. At larger (200 m2) spatial scales, species richness in all treatments exhibited similar temporal patterns as richness at the small scale (Fig. 2b) species all were lower (P < 0.05) than in pastures grazed by either bison or cattle (Table 2 ). Exotic species averaged 3.6% of the floristic richness in bison pastures, 3.4% in cattle pastures, and 2.0% in ungrazed prairie.
Trends in the Shannon diversity index increased (P < 0.0001) in response to either bison or cattle grazing at both the 10-m2 (Fig. 2c) and the 200-m2 spatial level (Fig. 2d) , with the largest temporal changes occurring in bison pastures. In ungrazed prairie, diversity at the plot level exhibited a weak but significant decline, whereas diversity at the pasture scale did not change over time.
Frequency of occurrence After 10 years of grazing, the frequency of 22 perennial species increased (P < 0.05) in bison pastures, whereas the frequency of 23 species significantly increased in cattle pastures (Table 3) 
Residual biomass
Temporal trends in residual graminoid biomass followed similar patterns in both bison and cattle pastures, with slopes that did not differ from 0 (Fig. 3a) . Over the 10-year period, however, the average amount of residual graminoid biomass at the end of the grazing season was lower (P < O.01) in pastures grazed by bison (170 + 2 g/m2 [mean + SE]) than in pastures grazed by cattle (202 + 2 g/m2). On average, bison removed 54% of the annual net graminoid production, compared with 46% graminoid removal by cattle. Both removal rates, however, are within the projected goal of 50% removal with moderate stocking. Temporal trends in residual forb biomass increased over time with similar slopes in both bison and cattle pastures, but the patterns of change did not differ from O in ungrazed prairie (Fig. 3b) . Although a highly significant (P < 0.0001) year X treatment interaction indicated inconsistent patterns, average forb residuum was usually higher in bison and cattle pastures than in ungrazed prairie. Woody biomass averaged <4 g/m2 and did not differ among treatments or change through time.
The cv for residual grass biomass was different (P < 0.001) among all three treatments, with highest variability in bison pastures and lowest variability in ungrazed prairie (Table 4 ). The variability of residual forb biomass also fluctuated from year to year, but the average cv was similar between bison and cattle pastures and was lowest (P < 0.01 ) in ungrazed prairie ( Repeated grazing on the warm-season perennial grasses reduces their competitive dominance and enables subordinate and unpalatable species to increase (Hartnett et al. 1996 , Howe 1999 . In this study, perennial forbs that responded to grazing by bison and cattle through competitive release included Missouri goldenrod, heath aster, and ironweed. Although western ragweed putatively increases in response to grazing (Gillen et al. 1991 ), fluctuations in cover followed similar patterns in both grazed and ungrazed prairie without directional change, suggesting that its abundance may be driven by interannual precipitation patterns, or some other climate variable.
Canopy cover of herbaceous legumes did not change through time in any treatment, whereas leadplant, a woody legume often considered palatable to herbivores (Hickman and Hartnett Increasing species richness and habitat heterogeneity with ungulate grazing is undesirable if the invasion or spread of nonnative species is accelerated. Although the average number of exotic species occurring annually in bison and cattle pastures (n = 2.8 and 2.4 species, respectively) was higher than in ungrazed prairie (n = 1.1 species), all of the exotics were non-invasive (i.e., not capable of displacing native species), and except for the ubiquitous Kentucky bluegrass, none attained >1 I% mean cover in any year. Most of the exotic species (n = 9) were annuals or biennials and occurred in disturbed or heavily grazed patches that had not burned, suggesting that the absence of fire, rather than grazing per se, was the preponderant factor influencing their occurrence. Thus, moderate grazing provided niches for some ephemeral fire-sensitive exotic species, but it did not enhance invasion at the expense of native species. This response pattern, however, would have been different if aggressive, fire-tolerant exotic species such as sericea lespedeza (Lespedeza cuneata) or Caucasian bluestem (Bothriochloa bladhii) had been present in the pastures.
Differences in grazing distribution between bison and cattle influenced burn patterns and the subsequent effect fire has on some species. Higher variability of residual grass in bison pastures (cv = 69) than in cattle pastures (cv = 40) indicated that bison grazing was more spatially heterogeneous than cattle grazing. That was because bison established large grazing lawns that were heavily utilized while other areas were grazed lightly. In contrast, cattle created smaller grazed patches that were more uniformly distributed throughout the pasture. Thus, cattle pastures had a larger fuel load than bison pastures and burned more completely. This provided a positive feedback for species that respond favorably to fire, but created a more hostile environment for fire-sensitive species. The grazing lawns in bison pastures lacked sufficient fuel to carry a fire, creating an extensive mosaic of burned and unburned areas. Annual forbs, annual grasses, and cool-season graminoids are particularly intolerant of recurring fire (Towne and Kemp 2003) and were the primary beneficiaries of heterogeneous burn patterns in grazed pastures. Thus, depending upon the herbivore, grazing created protective niches of varying sizes that reduced the extent and intensity of fire and buffered the response patterns of many species to annual burning.
Historically, overstocking by domestic livestock has been a common occurrence, and cattle often are characterized as destructive agents responsible for destabilizing some grassland ecosystems (Fleischner 1994 
Conclusions
Compared to cattle grazing at similar densities, bison grazing increased plant species richness and spatial heterogeneity, but dramatically increased the cover of Missouri goldenrod and annual forbs. The increased forb cover combined with lower grass cover in bison pastures created a distinctive contrast to cattle pastures, despite a high degree of similarity in the vegetation. Plant community differences between bison-grazed and cattle-grazed pastures, however, were not as large as those differences between grazed and ungrazed prairie. Moderate stocking with either bison or cattle increased spatial heterogeneity and promoted biodiversity of tallgrass prairie.
